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.  'Zho  auLcxidntion  of  i,l-dirncthylhydrazine  I  gives 
formaldehyde  dinethylhydrazonc  11,  nitrogen,  and  water  as  its 
major  products.  R.inor  ones  are  a.mr.onia,  dimethylamlne, 
dimethyinitrosxmine,  diazoncthanc ,  nitrous  oxide,  methane, 
carbon  dioxide,  and  foimldenyde .  ITils  reaction  is  of  first 
order  in  I  and  of  zero  order  in  oxygen.  It  is  catalyzed  by 
metals  and  metal  salts,  inhibited  by  added  1, >butadiene , 
and  accelerated  by  ultraviolet  light.  1  free-radical  chain 
mechanism  is  postulated  as  the  rate-determining  reaction 
sequence,  ilie  Ijl-dLmethylhydrazyl-C-hydroperoxide  so  formed 
is  pre.suraed  to  c^\'^  bhe  products  II,  hydrazine,  and  hydrogen 
peroxide  via  a  rapid  sequence  of  wall  reactions  (established 
in  the  study  of  liquid-phase  autoxidatlons  of  1,1-dialkyl- 
hydrazlnes).  R'itrogen  and  most  minor  products  probably  result 
from  further  wall  reactions  ol'  hydrogen  peroxide  with  I,  II, 
and  hydrazine.  Autoxidations  of  hydrazines  resemble  those  of 
hydrocarbons . 
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INTRODUCTION 


The  facile  autoxldatlon  of  l,l-dlmethylhydra2ine  I  provides  an  inter¬ 
esting  exfimple  for  the  study  of  such  reactions  of  nitrogen  coa5)ounds. 

Most  related  research  has  Involved  autoxidatlon  of  hydrocarbons.  The 
mechanisms  of  autoxldatlon  of  nitrogen  compounds  remain  to  be  elucidated. 

From  a  practical  standpoint,  these  studies  show  that  I  stored  with 
access  to  air  accumiiiates  formaldehyde  diraethylhydrazone  II  and  water, 
with  smaller  amounts  of  dlmethylnitrosamine,  dlmethylamine,  and  aimonla. 
Nitrogen  is  evolved  as  the  reactior  proceeds.  Other  products  (see  below) 
are  found  in  even  smaller  yields,  .^uch  accumulation  is  much  more  rapid 
in  the  light,  and  in  metal  containers.  Commercial  samples  of  I  that  had 
been  stored  for  even  short  periods  of  time  were  found  by  analysis  with 
vapor  phase  chromatography  and  nuclear  magnetic  resonance  spectrometry 
to  contain  the  abow  autoxidatlon  proaucts  in  significant  amounts. 


;  £cuci'..' 


Irevlous  workers  (;;ef.  1  and  2)  claimed  ihat  the  vapor-phase  autoxi- 
dation  of  I  gave  methyl  azide  since  they  observed  absolution  in  the 
4.7-U  region  of  Infrared  spectra  of  these  reaction  mixtures-  The  current 
investigation  shows  that  this  absorption  (doublet --4. 72  and  4.78  n)  is 
due  to  dlazomethane,  a  minor  product  that  is  formed  and  then  destroyed. 

The  Infrared  spectrum  of  methyl  azide  prepared  for  comparison  is  differ¬ 
ent  in  the  region  cf  interest  (doublet--4.55  and  4.76  n).  Figure  1  sho*' ; 
sequential  infrared  rpectra  of  the  reaction  mixture  (initial  composition: 

I,  IOC  mm,  and  oxygen,  b05  mm,  in  a  10-cm  I  erkin-Mmer  gas  cell  with 
sodium  ;:hioride  windows,  Xef.  >-4).  i-eriodic  scans  of  tne  4-  to  5-m  region 
of  its  infrir.'-d  -pecLru':!  (Fig-  2  and  5)  illustrated  the  growth  and  eventual 
disappeariance  0;'  tac  diazomethane  absorption.  In  the  presence  of  barium 
oxide  (see  Mg.  ‘>),  the  reactions  consuming  diazomethane  are  slower. 

Hence,  its  concentration  reaches  a  nigher  maximum,  and  Its  disappearance 
tsik.es  a  longer  tim-^.  .or  •omparison,  '  ig.  4  ;.hows  infrared  spectra  (4- 
to  region)  ot  g:  i.'  -.'  thane  t/akon  at  various  prersures.  Vccordingly, 

even  in  the  autoxldatlon  of  I  where  dlazomethane  Is  parti, ally  pro^’ected 
from  further  reaction  ty  oarlun  oxide,  its  maximum  ^'oncentration  Is  loss 
than  !).9  mm  (from  100  m:r.  of  1;  cf.  i*g.  ^  and  4). 
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FIG.  1.  Infrared  Spectra  of  Reaction  Mixture  (initially  ICO  nn  of  I  and 
605  fnm  of  O2)  Taken  at  Successive  Reaction  Times:  A  after  1  hr,  B  after 
3  hr,  C  after  7  hr,  D  after  l4  hr,  and  E  after  23  hr. 
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FIG.  5-  History  of  the  Principal  Infrared  Band  of  Dlazomethane 
During  the  Reaction  of  I  (lOO  mm)  With  O2  (605  mm)  In  a  Cell 
With  a  Cup  Filled  With  BaO:  1  Initial,  2  after  1  hr,  5  after 
3  hr,  4  after  7  hr,  5  after  22  hr,  6  after  U6  hr,  7  after  68  hr, 
8  after  llU  hr,  and  9  after  I62  hr. 
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2000 


FIG.  4.  Vapor  Phase  Infrared  Spectra  of  the 
Principal  Absorption  Band  of  Dlazomethane  at 
Various  Pressures:  1  *  ^.6  mm,  2  *  5-9  aim, 

5  =  10  ram,  and  4  =  I8  mm. 
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Such  sequential  infrared  spectra  permit  approximate  estimation  of 
the  concentration  change  of  I  and  products  in  the  latter  experiment 
(l  +  Oj  in  the  presence  of  BaO,  see  Fig.  5)‘  Apparently,  II  is  formed 
during  the  entire  reaction  but  diazoraethane,  ammonia,  and  diraethylamine 
seem  to  be  produced  only  during  the  first  half  of  it.  From  I  (lOO  ram), 
yields  are  II  (6i  nnr),  ammonia  (20  mm),  dlmethylamine  (8  ram),  diazo¬ 
methane  (4.5  mm),  and  nitrogen  (21  ram,  see  below).  Other  benefits  in 
addition  to  the  pr«  servatlon  of  dlazomethane  result  when  the  water  and 
presumably  hydrogen  peroxide  formed  are  partially  removed  by  barium 
oxide.  No  condensate  collects  on  the  cell  walls,  the  reaction  is  slower 
than  in  the  absence  of  BaO,  and  ci.ange  of  the  logarithm  of  the  concen¬ 
tration  of  I  with  time  is  linear  (see  Fig.  6)  throughout  the  entire 
reaction  (see  below  for  description  of  kinetics  in  the  presence  of  con¬ 
densate).  The  reaction  is,  therefore,  of  first  order  in  I  (zero  order 
0^,  see  below). 

When  reaction  is  complete,  its  infrared  spectrum  (Fig.  IE)  closely 
resembles  that  of  the  malor  reaction  product  II  (Fig.  7)  with  that  of 
diraethylamine  (15.**-!^  m),  and  many  sharp  peaks  of  the  ammonia  spectrum 
(most  prominent  ones  at  10. 38  and  10.77  u)  superimposed.  In  nearly  all 
of  these  reactions  of  I  with  oxygen,  the  product  nitrous  oxide  (doublet-- 
U.U6  and  U.52  m)  is  observed  in  small  amount.  Sequential  infrared 
studies  have  shown  that  it  is  usually  formed  in  the  later  stages  of 
"nornal”  reactions,  '....th  reactions  catalyzed  in  various  ways  (light, 
ammonia,  sodliam  chloride  with  barium  oxide,  circulating  cell--see 
Table  l),  it  is  formed  in  larger  amounts;  in  some  of  these  experiments, 
no  diazomethane  was  observed.  A  small  peak  (5*77  a)  probably  due  to 
formaldehyde  appears  in  the  later  stages  of  the  reaction.  Infrared 
absorptions  of  carbon  monoxide  and  carbon  dioxide  are  not  visible  in 
spectra  of  these  reaction  mixtures. 

Studies  of  the  autoxldatlon  of  I  with  Infrared  spectroscopy  show  that 
the  rate  of  the  reaction  between  I  and  oxygen  is  highly  erratic  (Table  l). 
With  no  apparent  differences  in  experimental  procedure,  the  times  for 
these  reactions  to  reach  completion  ranged  from  2k  to  72  hr  (cf.  experi¬ 
ments  1  and  2,  Table  l).  The  apparent  reason  for  such  behavior  is  that 
the  reaction  is  subject  to  various  catalytic  effects.  It  is  markedly 
accelerated  by  light  (experiment  8,  Table  l),  and  by  the  introduction  of 
various  materials  into  the  reaction  cell--metals ,  glass  helices,  ground 
glass,  and  even  ground  sodium  chloride  prepared  from  the  window  material 
of  th^  cells.  Butadiene  in  the  gaseous  mixture  of  I  and  O2  is  not  con¬ 
signed  in  an  amount  great  enough  to  be  detected,  but  the  autoxidation  of 
I  Is  inhibited  (see  Experimental  section). 

Froducts  were  isolated  and  identified  by  various  experimental  proce¬ 
dures.  First,  oxygen  was  bubbled  through  liquid  I.  Fxcess  oxygen  and 
product  vapors  were  passed  through  a  long  spiral  condenser  (-20*C),  and 
all  volatile  products  except  nitrogen  were  condensed  in  a  trap  (-SO^^C). 

In  the  latter,  dlazomethane,  dlmethylamine,  and  ammonia  were  shown  to 
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in  the  Reaction  of  I  {100  ram)  With  O2  (605 
the  Rresence  of  BaO  In  the  Infrared  Gas  Ce 
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be  prer.enL.  The  yellow  c’ondensate  becane  colorless  when  it  was  treated 
with  i),5-dinitrobenzoic  acid  in  ether,  <and  dimethylx’oraonlun  and  ammonluan 
5, 3-dinitrobenzoates  precipitated.  Methyl  5-dinitroben2oate  was 
recovered  from  the  ether  i'iltrate.  1  art  of  the  salt  mixture  was  recrys- 
taliized  from  ethanol  until  pure  dimethylamraonium  :;,5-dinitrobenzoate  was 
obtained.  Ihe  remainder  of  the  salt  was  dissolved  in  sodiam  hydroxide 
solution,  and  the  solution  was  partly  distilled,  'unmonium  chloride 
(identified  by  its  X-ray  powder  pattern)  was  isolated  when  the  distillate 
wa:>  made  acidic  with  hydrochloric  acid,  the  latter  solution  was  evaporited 
to  dryness,  and  the  resulting  mixture  of  hydrochlorides  was  extracted 
until  all  dimethyl.ammoniam  chloride  had  been  removed. 

ihe  dark  brown  liquid  remaining  in  the  reaction  vessel  was  shown  to 
contain  II  and  dimethylnitrosamine .  Ihe  dominant  product  II  (b.p.  65-68°'.’ 
infrared  spectrum  identical  with  known)  was  isolated  by  vacuum  distilla¬ 
tion  through  calciam  chloride  (to  absorb  amines  and  water).  7^s  reaction 
with  ?,U-dinitrophenyIhydrazlne  reagent  gave  the  2,i*-dlnitrophenyihydrazone 
of  formaldehyde;  with  aqueous  oxalic  acid,  it  gave  diraethylhydraziniu.m 
oxalate.  The  Identity  of  II  was  further  verified  by  polarography . 
Dimethylnitrosamine  was  extracted  from  the  distillation  residue.  It  was 
Identified  by  Its  spectrum,  vapor  phase  chromatography  (v.p.c.),  and  by 
reduction  to  I.  /unalysls  (v.p.c.)  of  yellow  condensates  in  vapor-phase 
autoxidation  showed  that  it  is  also  a  trace  product  under  these  conditions. 

The  product  mixture  from  the  reaction  of  I  (9^  mra)  and  oxygen 
(59*^  ran)  In  a  gas  reaction  vessel  (o50  ml)  was  washed  with  suli\ii'lc  acid 
to  remove  '  isic  products.  M/iss  spectromctric  analysis  of  the  remaining 
mixture  of  gaseous  products  showed  that  It  contained  unreacted  oxygen 
(9^>.25,j),  nitrogen  6y'--  yield  based  upon  reaction  1  below), 

methane  (0.19,j),  carbon  dioxide  (O.56!.),  and  hydrogen  (0.0;5/j).  Yields 
of  these  products  differed.  In  another  experiment  in  which  the  oxygen 
was  also  removed  from  the  gas  sample,  the  analysis  was  nitrogen  (90.07), 
methane  (O.5I  ),(:52:C:iu  ratio  approximately  ten  times  that  in  the 
previous  exoerlment ) ,  and  carbon  dioxide  (0.25,’). 

Mtrous  oxide  was  Identified,  and  its  yield  estimated,  in  a  reaction 
mixture  prepared  by  the  irradiation  of  I  (lOO  ram)  and  oxygen  (605  mm)  in 
a  quartz  infrared  cell.  The  gas  isolated  as  above  contained  oxygen 
(96.7.-')i  nitrogen  (2.85,7),  and  nitrous  oxide  (O.46/0- 

More  precise  kinetic  investigation  of  tne  vapor-phase  autoxidation 
of  I  confirms  that  it  Is  of  first  order.  In  the  experiments  illustrated 
in  Fig.  8  with  gaseous  mixtures  of  I  (initial  concentrations:  U5,  65, 
and  78  mm)  and  oxygen  (625,  2h'J,  and  ?87  mra,  respectively)  at  25°D  the 
plot  of  the  logarith.m  of  II  formed  against  reaction  time  shows  two 
essentially  linear  regions--one  prior  to  the  appearance  of  a  condensed 
phase  on  the  vessel  walls  and  the  other  subsequent  to  It.  linear  con¬ 
sumption  of  I  is  apparent  after  condensation.  This  more  rapid  reaction 
in  the  two-phase  system  seems  to  have  the  same  rate  constant  In  all 
three  experiments  .since  the  three  lines  are  parallel. 
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TABLE  1.  Infrared  Study  of  I,l-I)lmethylhydra2lne  Autoxidatlon® 


Expt. 

no. 

Conditions^ 

Approx . 
half-life, 
hr 

Comments 

1 

Cell  in  dark  vhen  not 
In  spectrcphotometer 

20  i 

Diazooethane  formed 
early.  N2O  and  ll^CO 
visible  after  ^  and 

71  hr,  respectively. 

2 

Cell  In  dark  when  not 
in  spectrojiiotometer 

7 

N^O  developed  as  C112N2 
declined. 

5 

Cell  In  infrared  beam 
continuously 

10 

Product  spectrum  same  as 
Fig.  IE. 

k 

With  room  light  and 
temperature 

2k 

Product  spectrum  same  as 
Pig.  IE. 

5  ! 

1 

Temperature  held  at 

i+5-U6°C 

12 

Product  spectrum  same  as 
Fig.  IE. 

6 

Quartz  cell  held  at 

50^0 

52 

CH2N2  and  r*20  develop 
simultaneously. 

T 

Quartz  cell  in  infra¬ 
red  beam  during 
reaction 

9 

C.H2K2  peak  kYfi  transmit¬ 
tance  at  7  hr.  Come 
^20  formed  later. 

8 

Quartz  cell  -  Hanovia 
lamp  without  filter 
0.^  m  from  cell 

2 

More  (CH5)2NH  than 

usual.  N2O  observed 
Instead  of  CHoNj- 

9 

Cell  fitted  vrlth  cup 
containing  BaO 

52 

Fig.  5  shows  CH2r'l2 

increase  and  decrease. 

10 

NH^  (5  om  added) 

18 

N2O  and  CH2N2  formed. 

11 

I.'H^  (10  ram  added) 

6 

N2O  formed,  but  no  Cfl2lJ2’ 

12 

Tetramethyltetrazene , 
TT-IT,  (5  mm  added) 

5 

Product  spectrum  same  as 
Fig.  IE. 

15 

Control  (no  n-C) 

11 

I roduct  spectrum  same  as 
Fig.  IE. 

Ik 

TOT  (5  ram) 

Ko  reaction 

In  5  br. 

15 

Circulating  cell'^  BaO 
in  weighing  cup 
gained  0.0251  g 

5 

Come  NH*  In  I  uied.  N2® 
formed  faster  than 

CH2N2 .  Latter  gone 
after  22  hr. 

See  footnotes  at  end  of  table. 
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TABLE  1.  (Contd.) 


Expt . 
no. 

Conditions^ 

Approx . 
half-life, 
hr 

Comments 

16 

Cell  with  NaCl  window 
pieces  and  BaO  in 
cup 

1.5 

Some  NHj  in  I  used . 

NgO,  no  CH^N^ • 

Abnormal  product  - 
little  II  and  large 
amounts  of  NHj. 

IT 

Ground  glass  helices 
in  cup 

2 

Products  as  In  Fig.  IE. 
N^O. 

18 

NaCl  pieces  in  cup 

0.5 

Reaction  complete  in 

0.5  hr.  CH2K2j  no  N2O. 

19 

Mercury  in  cup 

0.25 

20 

Control  for  15-19» 
nothing  in  cup 

.... 

Less  than  10/>  reaction 
in  20  hr. 

^  Representative  examples  of  many  such  experiments. 

Except  as  noted,  the  infrared  cell  (l erkln-Elmer,  10  cm,  NaCl 
windows  sealed  with  a  Glyptal  bead  outside)  was  filled  with  I  (lOO  mm) 
and  oxyg^'^n  (605  mm).  Perkin-Elraer  Infrared  spectrophotometer,  Model  21, 
was  used.  .U1  experiments  at  25°C  except  as  noted. 

^  Described  in  fef.  Ul. 


When  the  reaction  vessel  is  Immersed  in  an  oil  bath  (dark)  at  UlOC 
(illuminated  by  a  100-w  Mazda  lamp,  see  Experimental  section),  a  much 
longer  reaction  time  is  observed,  and  condensation  of  a  liquid  phase  on 
the  vessel  walls  Is  delayed.  Here,  an  induction  period  of  over  100  hr, 
a  slow  first-order  rate  for  the  gas-phase  reaction  (120  to  5^  hr),  and 
a  faster  rate  (first  order)  for  the  two-phase  reaction  are  observed  (see 
Fig.  9). 

Experimental  procedures  as  used  with  I  have  shown  that  1,2-dimethyl- 
hydrazlne  and  trlraethylhydrazine  undergo  rapid  and  complete  autoxidation 
in  the  vapor  phase  at  25°C,  methylhydrazlne  gives  a  rapid  Initial  reactlor; 
that  seems  t'  stop  suddenly,  and  tetramethylhydrazlne  does  not  react. 
Reaction  products  from  1 ,2-dlmethylhydrazlne  are  aromethane  and  water 
(see  Fig.  10),  and  with  trlmethylhydratine  are  II  and  water  (see  Fig.  ll). 

rtlien  mixtures  of  methylhydrazlne  and  oxygen  were  mixed  in  the  infra¬ 
red  cell,  the  initial  rapid  autoxidation  gave  products  that  condensed 
upon  the  cell  walls  and  so  made  it  Impossible  to  determine  the  Infrared 
spectrum  of  the  reaction  mixture.  A  :5-llter  flask  was  filled  with 
methylhydrazlne  (3^  mm)  and  dry  air  (570  mm),  and  the  condensate  appeared. 
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ftCACTlON  TIME.  HR 


FIG.  8.  Experiment  1  With  I  (Uj  mm)  and  Og  (625  nm); 
Experiment  2  With  I  (65  tnm),02  (2U7  mm),  and  H2 
(590  mm);  and  Experiment  5  With  I  (78  mm) ,  Og 
(287  ram),  and  Ng  (551  nm),  all  at  25*^C  and  In  Rocm 
Light.  Ascending  curve,  II  formed;  and  descending 
curve,  I  consumed.  Vertical  lines  Indicate  reac¬ 
tion  time  at  which  condensation  of  a  liquid  phase  was 
observed. 
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10 

Of  ^ 


OOJ 

0  60  120  100  240  300  360  420  400  540  600  660  720  700  040  900  960  1020 

REACTION  Time.  hR 

FIG.  9-  Reaction  Mixture  Contained  Initially  I  (60  inn), 

Og  (205  nan),  and  He  (U28  mm)  at  4l®C  In  an  Oil  Bath 
(Dark).  Descending  curve  records  I  consumed,  and  scat¬ 
tered  points  are  the  data  for  II  formed.  Vertical  line 
indicates  reaction  time  at  which  condensation  of  liquid 
products  on  the  reaction  vessel  walls  was  observed. 
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FIG.  10.  Infrared  Spectrum  of  1,2-Dlinethylhydra2lne 
(U6  mm)  and  of  the  Reaction  Mixture  Taken  1  hr  After 
O2  (668  mm)  Had  Been  Added.  Products  are  azomethane 
and  water. 


4  *  .  '  H 


FIG.  11.  Autoxldatlon  of  Trimethylhydrazine .  The  Infrared 
gas  cell  was  filled  with  this  hydrazine  (50  mm)  eind  Cb 
(658  mm).  Solid  line  Is  the  initial  spectrum-  The  spectnim 
of  the  products  (after  U2  hr,  dotted  line)  indicates  II  and 
water  (broad  bonds  at  2.9^  u  and  6.O6  u)* 
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A  saniple  of  the  reaction  mixture  pumped  into  an  infrared  cell  gave  the 
spectrum  of  pure  niethylhydrar.ine .  Dry,  carbon  dioxide- free  oxygen  was 
bubbled  through  methylhydrazlne  for  21  days.  A  very  small  amount  of 
volatile  product  condensed  at  -80*^0  contained  methyl  azide,  ammonia,  and 
methyl  amine  (see  !-ig.  12),  and  the  residual  liquid  in  the  bubbler 
reaction  vessel  was  unreicted  methylhydrazine . 

Mixtures  of  tetranethylhydrazinc  or  tetramethyltetrazene  with  oxygen 
were  unchanged  after  long  periods  of  time  (r'lg.  I3  and  14). 


rIC.  12.  Infrared  ■pectrum  of  Condensate  of  Volatile  I  roducts 
Obtained  'vlien  0^  Is  .Bubbled  Through  ' 'ethylhydrazlne . 


:IG.  13-  Infrared  fpectra  of  a  Gaseous  Mixture  of  Tetraraethyl hydrazine 
(70  ran)  and  Op  (^>53  r*ra}  lamediately  After  Mixing  and  After  170  hr 
(l\5tted  Line)  at 
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4000  4000^.  »00  2000  ilOC  •4(J0  iJOO  i?0O  'OO  'DO''  »0C  SOO  'W _ 


FIG.  li*.  Gas  Infrared  Spectra  of  a  Mixture  of  Tetrsimethyltetrazene 
(8  mm)  and  O2  (697  mm)  Before  After  (Dotted  Line)  Standing  for 
^  hr. 


DISCUSSION 


The  autoxldatlon  of  l^l-dinethylhydrazine  I  gives  formaldehyde 
dimethylhydrazone  II,  water,  and  nitrogen  as  the  dcxninant  products,  and 
the  stoichiometry  of  Sq.  1  is  approached.  Numero^js  other  products 
(dlmethylamine,  ammonia,  dlazomethane ,  dimethylnitrosamlne,  and 
formaldehyde)  are  formed  in  small  amounts. 

rH 

5  /N-N^  ^20^  2  ,N-N=C.^  +  H«0  N'  (l) 

CHj  H  CH^  H 

I  II 

Kinetic  studies  have  shown  that  this  reaction  is  of  first  order  in  I 
(Fig.  6,  8,  and  9)>  and  probably  of  zero  order  in  oxygen  (cf.  experi¬ 
ments  1  and  2,  Fig.  8).  Reactions  of  first  order  in  the  substances  being 
oxidized,  and  of  zero  order  in  oxygen  (above  a  limiting  oxygen  concen¬ 
tration)  are  cocomon  in  the  autoxldatlons  of  hydrocarbons  and  aldehydes 
(Ref.  5-7). 

First-order  dependence  of  rate  upon  substrate  concentration  has  also 
been  observed  in  the  autoxldatlon  of  phenylhydrazones  (Hef.  8-11,  Eq.  2), 
and  In  the  autoxldatlon  of  l,2,5,U-tetraliydrocarbazole,  and  other 
substituted  indoles,  in  solution  (Ref.  12-21,  £q.  5). 
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Since  these  studies  of  hydrazone  and  Indole  autoxldatlon  have  involved 
the  measurement  of  oxygen  uptake  at  constjcnt  pressure,  the  kinetic  order 
with  respect  to  oxygen  was  not  determined. 

These  results  suggest  that  the  rate-determining  sequence  in  the 
autoxldatlon  of  I  resembles  the  free-radical  chain  reaction  established 
for  the  autoxldatlon  of  cumene  (Kef.  22-25).  Heaction  initiation  would 
Involve  the  free-radical  decomposition  of  hydrazine  hydroperoxides  C 
(slowly  accumulated  during  the  induction  period)  shown  below.  Equation  U 
represents  the  last  step  in  initiation  [r*  =  HO*  or  J. 

Reactions  5  and  6  represent  the  chain-propagating  sequences.  The  indi¬ 
cated  attack  upon  hydrogen  atoms  attached  to  nitrogen  is  supported  by  the 
fact  that  substances  without  this  functional  group  (tetrainethylhydrazlne, 
tetraaethyltetrazene,  or  ll)  do  not  oxidize  under  these  mild  conditions 
while  all  hydrazines  with  N-H  groups  (hydrazine,  methylhydrazine,  I, 
1,2-dtinethylhydrazlne,  or  trimethylhydrazlne)  do.  Chain  termination 
probably  Involves  mutual  destruction  of  two  radicals  such  as  B.  Quali¬ 
tative  observations  supporting  this  hypothesis  are  that  the  autoxldatlon 
of  I  is  induced  by  light;  it  has  an  induction  period;  its  rate  Is 
markedly  enhanced  by  trace  impurities,  notably  metals  and  metal  salts, 
known  to  react  with  hydroperoxides  to  give  radicals;  and  It  is  Inhibited 
by  butadlene-1,5- 


CH 

CH 


N-N 


5 


H 


R- 


I 


ri-N  +  .RK 

CH^ 

A 


(M 


CH3 

CH3 


+  0, 


A 


CH3  0-9 


D 


(5) 
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/H 

B  + 


CU-. 


Cll3^ 

A  + 

CII3''  OOH 


(6) 


Although  the  hydroperoxides  derived  by  the  related  autoxidatlons  of 
hydrazones  and  Indoles  are  stable  enough  to  be  isolated,  C  is  not.  Its 
fate  Is  suggested  by  recent  parallel  studies  (see  Table  2  belov,  from 
Ref.  26)  of  oxidative  reactions  of  1,1-dialkyihyrirazines  in  solution. 

The  products  observed  (Hef.  26)  in  the  autoxidation  of  such  hydrazines 
in  the  liquid  phase  are  the  following: 

RCH^s.  RCHg^  y  ? 

/N-NH  +  0  “♦  /N-N=N-N^  +  RCH  rJ-i;=CR  +  HCH  -N=rJ-C:-I  R 

HCH^  RCH2  CH2H  ^  ^ 

I  III  IV  V 

^  ^  RCKg^  BCH^,  '1  PCHg^ 

HC=ri-K=CR  +  +  ^K-N=*CR  RC=H-mi  +  ^N-KC  + 

noig  HCH^  RCH2 

VI  I  II  VII  VIII 

I  -  VII,  R  =  H- 
la  -  '/Ilia,  R  =  CH5CH2- 
Ib  -  Vlllb,  H  =  Ch>CH2TH2- 

I  roducts  II  through  vll,  but  not  VITI,  also  are  obtained  in  (l) 
reactions  of  l,l-dialkyl-<i-p-toluenesui.ionylhydrazides  with  base,  (2) 
mercuric  oxide-oxidation  of  1 , l-dialkylhydrazlnes ,  and  (5)  reactions  of 
acidic  solutions  of  1  ,i-dialkyldiazenlum  salts  ^ith  base.  It  is  postu¬ 
lated  that  a  common  intermediate,  the  1 , 1-dialkyldiazene ,  is  formed  first 
in  all  four  reactions,  iience,  one  node  of  decomposition  of  C  is  presumed 
to  give  the  diizene  via  the  1, 1-dinethyldiazenium  hydroperoxide  (.<ef.  27- 
50).  ince  such  ionic  reactions  are  unlikely  to  occur  In  the  vapor  phase 
and  since  II  is  the  major  product  in  both  liquid  and  gas  autoxidation.*? , 
these  reactions  (8  and  9)  probably  occur  on  reaction  vessel  walls  in  the 
latter,  \ccordlngly,  addition  of  materials  of  large  surface  area  (cf. 
experiment  1  with  expe.’-lments  lb-l8,  able  i)  marxediy  increases  the 
reaction  rate. 


.1! 


o-Ot; 


r-oH 


(8) 
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- 

^N=r;H  ^  D: 

— ^  +  BH 

O-OH 

CHj 

=  amines, 

hydrazines 

or 

hydroxide 

ion) 

CH^ 

(9) 


"JtCiL'S.  ?.  i  roductD  From  Llquid-1  base  Autoxldation  of 
l,l-Dialkylhydr:izlne  (mole  “j) 


I-/TI,  =  ii-;  la-’.llla,  R  *  CH3CH2-;  Ib-mib,  R  *-  CH3CK2CH2-. 


A.  Products  From  i,l-Dipropylhydrazine  la 


no. 

j  Ilia 

IVa 

Va 

via 

la 

Ila 

’Vila 

villa 

1^ 

\  0.6 

1^ 

0.2 

O.U 

.  .  > 

kl 

5.7 

,.xpt . 

I: .  i  roducts  I 

"ron  1,] 

.-Dibutylhydrazine  Ib 

no. 

:  iii;^ 

i 

1  IVb 

Vb 

VIb 

Ib 

Ilb  1 

1 

1 - 

'Vllb 

■Vlllb 

pa 

>  12.5 

h,k 

. . 

.  ..b 

0.5 

37-6 

1.1 

2h.h 

.c.f 

!  d 

1  •  •  • 

b 

. .  .b 

b 

. .  .b 

71.5 

. . 

28.5 

6.9 

;  _  b 

. . 

_  b 

69 

. .  y 

2^.1 

^  Liquid  hydrazine  stirred  In  oxygen  (l  atm)  at  25®C. 
Induction  period  (l.5  hr)  observed. 

^  /race  products  observed  (v.p.c.). 

^  ; !ethanol : hydrazine  solution  in  5^1  molar  ratio.  Long 
Induction  period  (3  hr). 

^  Lot  determined. 

^  ’.'aterrhydrazine  mixture  in  6:1  molar  ratio. 

‘  c.elative  molar  percentages  of  products  IVb,  ’/Illb,  and 
lib  determined  (v.p.c.).  Tetrazene  not  measured. 


iTie  reaction  mechanism  confirmed  (i-;ef.  26)  for  liquid-phase  reactions 
probably  is  operative  (on  reaction  vessel  walls)  in  the  vapor-phase 
autoxldation  of  I.  Accordingly,  dlazenes  dimerize,  rearrange  (reac¬ 
tion  10),  and  oxidize  the  rearrangement  product  IV  (reaction  ll).  Reac¬ 
tions  of  I  with  fornaldazlne  VI  or  from  formaldehyde  hydrazone  VII 
(reactions  12  and  I3)  then  occur  to  give  the  major  product  II. 
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Cilj 

H 

— *  CH^rJ-N=CH2  or 

•CHj  (minor  product) 

(10) 

IV  V 

CHj  CH^ 

+  CH2=N-M=CH2 

(11) 

I 

VI 

I  +  VI  + 

CHj 

(12) 

II 

VII 

I  +  — ►  II 

(15) 

m 

Tetramethyltetrazene  (diazene  dimerization  product)  is  not  observed 
as  a  product  of  gas-phase  autoxldation  of  I.  These  reaction  rates  are 
so  slow  that  the  average  concentration  of  diazene  is  low.  Therefore, 
the  unimolecuiar  rearrangement  (reaction  iO)  predominates  over  the 
bimolecular  dimerization.  In  the  more  rapid  autoxidations  of  1,1-dialkyl 
hydrazines  in  solution  described  above,  tetrazenes  are  minor  products 
(Table  l).  Hearrangement  reactions  of  the  type  proposed  (reaction  10) 
were  first  observed  (i^ef.  51*52)  in  the  autoxldation  of  I.’-benzyl-K-aryl- 
hydrazlnes  with  mercuric  oxide  to  give  benzaldehyde  arylhydrazones .  The 
sane  products  are  obtained  when  l-benzyI-l-arj'l-2-tosylhydrazldes  are 
heated  with  aqueous  alkali  (Pef.  55)-  Such  rearrangements  of  1,1-dlalkyl 
hydrazines  and  their  derivatives  have  recently  been  studied  (Ref.  26  and 
5^).  The  oxidation  of  IV  by  the  diazene  (reaction  ll)  has  been  demon¬ 
strated;  and  the  reactions  of  hydrazines  with  hydrazones  (reactions  12 
and  13)  are  well  known,  and  have  been  sliovn  to  be  rapid  (Ref.  26). 

Reactions  5-15  would  give  stoichiometric  Eq.  1  if  hydrazine  (product 
of  reaction  I5)  were  oxidized  completely  by  the  hydrogen  peroxide  pro¬ 
duced  in  this  reaction  sequence  on  reaction  vessel  walls  (b.p.  of 
hydrogen  peroxide  150®C  and  b.p.  of  hydrazine  llU^C)  to  give  only 
nitrogen  and  water  (reaction  15)- 

m*  oai"  --  ■  B;  +  (lii) 

+  2  ^  +  k  n^o  (15) 


21 


N..V..TiP^  ?!}  CRT  6796 


However,  the  yield  of  nitrogen  (b-iced  upon  Hq.  l)  In  the  vapor-phare 
oxidation  of  I  is  only  63  .  I’hree  reasons  probably  are  responsible  for 
this  low  yield.  First,  the  reaction  of  hydrogen  peroxide  with  hydrazine 
in  basic  aqueous  solution  has  been  shown  to  give  amraonla  as  well  as 
nitrogen,  and  water  (ief.  35-^6);  and  ammonia  has  been  observed  as  a 
product,  in  addition  to  nitrogen  'ind  hydrogen  peroxide  in  the  autoxi- 
dation  of  hydrazine  in  dilute,  basic  aqueous  solutions  (Fef.  3'^)*  ^'o 

the  extent  that  rea'’tlon  10  occurs,  the  nitrogen  yield  would  be  reduced. 


1 


2  H^O 


(l6) 


Cecond,  thin  re ''lion  on  the  vessel  walls  is  not  complete  since  qualita¬ 
tive  tests  of  condensates  from  these  ex-perinents  show  that  they  con¬ 
tained  unreactea  peroxides  and  hydrazines,  .'bird,  the  hydrogen  peroxide 
is  partly  consuraed  by  reactions  with  I  and  II.  Interpretation  of  the 
raechanisms  of  ail  lutoxidations  of  hydrazines  is  ccrplicated  by  the  fact 
that  the  reaction  with  oxygen  gives  hydrogen  peioxide  (Fef.  ^,9-^),  and 
then  subsequent  oxidation  of  the  hydrazines  by  the  hydrogen  peroxide 
occurs.  i\irther,  both  reactions  are  catalyzed  by  traces  of  metal  salts. 


Accordingly,  the  reactions  of  hydrogen  peroxide  with  I  and  II  in 
deuterium  oxide  were  studied  with  nuclear  magnetic  resonance  (n.m.r.) 
spectrometry.  Neutral  solutions  of  1 , l-dinethyihydraziniuin  oxalate  do 
not  react  'with  hydrogen  peroxide.  In  contrast,  'he  basic  solutions  of 
I  or  II  react  rapidly  with  this  oxidizing  agent.  ..ith  I,  dominant 
products  are  dlncthylnitror,a.mine  and  II;  while  with  II,  dlmethylaraine, 
methylanine,  amnonia,  their  formate  and  carbonate  salts,  and  formaldehyde 
are  produced.  In  such  oxidations  in  water  solutions  containing  both  I 
and  II,  ‘.he  former  is  consumed  fli-st  (dirnethylnitrosamine  Is  formed,  and 
the  concentration  of  II  increases).  Only  after  most  of  the  I  has  been 
oxidized  do  products  ol  oxidation  of  II  appear.  Fheso  oxidation  reactions 
seem  to  stop  with  I;  II  and  excess  hydrogen  peroxide  remain  unrec.cted. 
.;owever,  when  such  reaction  mixtures  (pH  8  and  9)  arc  made  more  basic  by 
the  addition  of  dlraethyiamine ,  rapid  completion  of  the  reaction  occurs. 


fhese  results  suggest  reasons  for  curious  features  observed  ir-  the 
autoxidatlon  of  I.  Dlmethylamine  and  ammonia  are  formed  only  In  the 
early  s*ages  of  the  reaction  (Fig.  5)*  'fhey  are  probably  products  of  the 
hydrogen  peroxide  oxidation  of  II  and  hydrazine  on  the  reaction  vessel 
wali.s.  .  imilar  wall  reactions  of  I  probably  give  dimethylnitrosamlne  and 
some  of  the  II  formed,  fhese  reactions  stop  when  carbonic  and  formic 
acids,  also  formed,  partially  neutralize  the  wall  film.  Then  unreacted 
hydrazines  and  peroxide  accumulate  In  the  condensate.  Gordon  (Hef.  t^l) 
has  shown  that  the  reaction  of  hydrazine  with  hydrogen  peroxide  in  dilute 
aqueous  solutions  is  very  slow  when  they  are  acidic  or  neutral  (pH  1-7), 
its  rate  Increases  to  a  maximum  at  pil  10,  and  tnen  It  decreases  in  more 
jtrongly  basic  solutions.  He  suggested  that  the  reaction  occurs  between 
hydrazine  and  ijydrogen  peroxid*-  ,  but  not  between  ions  derived  frcwi  them. 
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Since  I  Is  a  stronger  base  than  hydrazine,  the  reaction  of  hydrogen 
peroxide  with  I  stops  with  Less  decline  in  basicity  of  the  reaction 
mixture  (to  pH  9)  than  that  of  hydrazine  (to  pH  ?)• 

Dlazomethane  appears  in  the  first  part  of  the  autoxldatlon  of  I,  and 
then  it  disappears.  Again,  its  early  limited  formation  suggests  that  it 
results  frCMD  a  wall  reaction  of  hydrogen  peroxide  with  formaldehyde 
hydrazone  VII  or  methylhydrazlne  that  also  ceases  when  the  condensate  is 
reduced  in  basicity.  Its  slow  reaction  with  water,  or  hydrogen  peroxide, 
probably  is  responsible  for  its  disappearance.  Reagents  that  remove 
water  (baO)  preserve  the  dlazomethane  (cf.  Fig.  2  eind  3)*  Further, 
dlazomethane  has  been  shown  to  react  slowly  with  alcohols  to  give  methyl 
ethers  (Ref.  U2). 

Nitrous  oxide  is  another  minor  product  in  the  autoxldatlon  of  I.  Its 
yield  is  greatest  when  ammonia  is  added  to  the  initial  reaction  mixture 
(Table  1,  experiments  10,  11,  and  15),  and  when  more  rapid  autoxldatlon 
occurs  (Table  1,  experiments  6,  15,  and  16).  It  is  probably  formed  by 
the  autoxldatlon  of  ammonia  to  give  nitric  oxide  (Ref.  43)  followed  by 
its  reaction  with  hydrazine  or  dimethylhydrazlne .  Bamford  (Ref.  44)  has 
postulated  that  unit  reactions  in  photolysis  of  hydrazine  in  the  presence 
of  nitric  oxide  are 


/H 

H  N-N  +  NO  — ►  H  N-N  — ►  NH  +  N  O 

"^NO 


(17) 


The  vapor*phase  autoxldatlon  of  I  differs  In  two  important  ways  from 
the  reactions  of  other  l.l-dialkylhydrazlnes  in  the  liquid  (Table  2). 
First,  only  in  the  former  case  are  dlalkylamine,  ammonia,  and  dlazoaikane 
formed  in  the  first  part  of  the  reaction.  Second,  in  the  former  the 
dialkylnltrosamlne  is  a  trace  product  but  in  the  latter  case  It  Is  an 
Important  one.  These  effects  may  be  attributed  to  the  coopting  oxida* 
tlons  by  hydrogen  peroxide.  It  undergoes  wall  reactions  with  products 
(II  and  hydrazine)  and  intermediates  to  give  dimethylamlne,  anaaonia,  and 
dlazomethane  in  the  gaseous  autoxldatlon  of  I.  These  reactions  cease 
when  the  wall  film  is  reduced  in  basicity.  On  the  other  hand,  liquid- 
phase  reaction  mixtures  contain  high  concentrations  of  the  1,1-dlalkyl- 
aralnes.  Hence,  they  react  with  the  hydrogen  peroxide  to  give  the 
dialXylnltrosamlnes  vnila,  b  and  the  aldehyde  dialkylhydrazones  Ila,  b 
as  major  products. 

The  strongly  basic  reaction  mixtures  in  the  liquid  phase  autoxl- 
dations  may  also  give  a  base-catalyzed  decomposition  of  the  hydrazine 
hydroperoxide  C. 

RCHpv  RCIU. 

N-N  +  B:  — *•  ^N-n“  +  BH  (I8) 

nCH^  D-OH  RCHg  0-CH 
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RCH  RCH^ 

"^N.rr  -►  ^^N-N=0  >  OH  (19) 

ROH^  ^O-OH 

This  raechanlsn  Is  analogous  to  those  suggested  Tor  the  hase-catalyzed 
reactions  of  primary  and  secondary  hydroperoxides  and  peroxiios 
(Her.  hb-h’). 

Kinetic  studies  of  the  vapor-phase  autoxldation  of  I  (^Ig.  6,  8,  and 
t))  show  that  it  is  of  first  order  In  I  and  independent  of  oxygen  concen¬ 
tration  both  before  and  after  the  appearance  of  wall  condensate.  However, 
the  reaction  Increases  in  rate  after  products  begin  to  condense  upon  the 
reaction  vessel  walls.  These  observations  suggest  that  this  reaction  has 
the  same  rate-determining  sequence  in  both  phases,  but  is  much  more  rapid 
in  the  condensed  phase.  After  condensation,  the  three  experiments  of 
Fig.  9  give  the  same  rate  constants  for  the  consumption  of  I  and  forma¬ 
tion  of  II  (straight  lines  of  the  semilog  plot  are  parallel).  !{owever, 
before  liquid  product  appears  on  the  walls,  the  first-order  formation  of 
II  seems  to  be  dependent  upon  the  initial  concentration  of  I.  Slopes  of 
these  lines  (Fig,  v)  are  approximately  proportional  to  the  initial  pres¬ 
sure  o'*  I.  These  results  suggest  that  In  the  '  one-phase  reaction"  the 
rate  Is  also  proport.lona I  to  product  P  formed, 

f  =  K  [l]  [Pj 

Since  the  early  change  of  the  concentration  of  I  is  snail  ([ij  assumed 
constant),  Integration  gives  (initial,  t  =  O) 

In  P  =  k  [l]  t. 

Such  a  kinetic  result  is  exr^ected  if  products,  such  as  hydrazine  or 
formaldehyde  hydrazone,  undergo  autoxldation  much  more  easily  than  I  to 
give  higher  concentrations  of  peroxides,  resulting  in  more  rapid 
initiation.  The  rate  then  becomes  proportional  to  the  concentration  of 
product . 

The  autoxldatlons  of  hydrazines  with  at  least  one  hydrogen  atom  on 
each  nitrogen  atom  seem  to  occur  by  a  different  mechanism.  The  reaction 
of  hydrazobenzene  with  oxygen  studied  In  dimethyl  formamide  (Ref.  40)  Is 
of  first  order  in  each  reactant  (over-all  second  order).  High  negative 
entropies,  general  base  catalysis,  and  marked  substituent  effects  in 
substituted  hydrazobenzenes  were  also  observed.  The  following  mechanism, 
that  features  a  rigid,  highly  ordered  transition  state,  was  suggested. 
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HOO*  +  h"" - ►HOOH  (23) 

Less  comprehensive  studies  of  the  autoxidation  of  hydrazine  In  solution 
suggest  that  it  is  similarly  second  order  (Pef,  39  and  43). 

This  difference  of  reaction  mechanism- -first  order,  free-radical 
chain  rea  tlons  vrlth  1, 1-dlsubstltuted,  and  probably  trlsubstituted 
hydrazines,  and  second-order  multlcenter  reactions  vith  hydrazine. 

1 ,2-dlsubstltuted ,  and  possibly  mono-substituted  hydra2lne6--ls  clearly 
of  fundamental  importance.  Further  study  is  needed  to  substantiate  this 
dichotony,  and  to  determine  if  these  reactions  are  mutually  exclusive  or 
competing.  The  significance  of  these  research  questions  is  emphasized 
by  indications  that  two  similar  mechanisms  may  operate  In  the  reactions 
of  hydrocarbons  with  oxygen.  At  moderate  temperatures  (to  200<^C),  the 
free-radical  chain  mechanism  to  give  hydrope.nDxldes  as  initial  products 
has  been  established  for  the  autoxldations  of  alkanes,  alkenes,  and 
alkylbenzenes .  However,  Knox  has  recently  shown  (Ref,  4B)  that  In  the 
reaction  of  propane  with  o^qrgen  at  hi^ier  temperatures  (over  300®C)  the 
dominant  initial  products  are  propene  and  hydrogen  peroxide.  This 
reaction  may  proceed  via  a  multlcenter  mechanism  similar  to  that 
suggested  above  for  the  hydrazobenzene  autoxidation. 


EXPERIMENTAL 


Continuous  Large-3cale  Reaction  of  1 ,  l-Dlmethylhydrazlne  (l)  With 
Oxygen.  I  (30  ml,  Westvaco,  dried  over  sodium  hydroxide  pellets,  and 
distilled  through  a  50-plate  column  packed  with  single-turned  glass 
helices)  was  placed  in  a  trap  with  a  lead-in  tube  fitted  with  a  sintered- 
glass  bubbler.  Oxygen  (Airco,  purified  by  passage  through  a  liquid 
nitrogen  trap)  was  slowly  bubbled  (3  mi  per  min)  through  the  hydrazine. 
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Volatile  products  were  carried  by  the  excess  oxygen  through  a  spiral  con¬ 
denser  (0.5  m,  cooled  to  -l')‘^C  by  ethylene  glycol  from  an  tolnco  cold 
bath).  :  roducts  were  condensed  from  the  gas  stream  in  a  trap  cooled  to 
-80°J.  i ermanent  gases  then  flowed  through  a  calcium  chloride  tube 
protecting  the  trap. 

7hls  reaction  was  continued  (lO  days)  until  the  liquid  condensed  in 
the  -80°f  trap  remained  constant  in  ano\mt.  This  bright  yellow  conden¬ 
sate  wiB  mixed  with  ether  at  -80®C  ind  the  solution  was  allowed  to  warm 
to  room  temperature.  ,\n  ether  solution  of  5, 5-dinltrobenzoic  -acid 
(recrystallized)  was  added  to  part  of  it.  The  yellow  color  disappeared, 
gas  was  evolved,  and  i  white  solid  precipitated. 

The  latter  was  removed  on  a  filter  and  was  shown  to  contain  dimethyl- 
amnonlum  and  amraonlam  5, 5-dinltrobenzoates .  After  three  recrystalliza- 
tlons  of  part  of  this  solid  from  ethanol,  pure  diroethylamraonlura 

5-dlnltroben2oate  (m.p.  188-190°',  mixture  tn.p.  l86-190°c)  was  Isolated. 
The  remainder  of  the  solid  was  added  to  sodlvm  hydroxide  solution  (5^', 

’5  ral),  and  tr»e  resulting  reaction  mixture  was  distilled.  The  distillate 
(15  nil)  was  made  acidic  with  hydrochloric  acid,  and  the  solution  was 
evaporated.  The  moist  mixture  of  hydrochloride  salts  was  dried  by 
repeated  (three  tines)  evaporations  of  anhydrous  ethanol  from  it.  The 
salt  mixture  was  then  extracted  (five  times)  with  ethanol.  Ammonium 
chloride  (X-ray  powder  pattern  identical  with  known)  remained. 

The  ether  filtrate  was  washed  with  sodium  bicarbonate  solution,  and 
was  dried  over  anhydrous  magnesium  sulfate.  Methyl  5,5*dlnitroben2oate 
(m.p.  10t>-I08°C  from  ethanol;  mixture  m.p.  with  authentic  sample, 
106.5-108®^';  X-ray  powder  patterns  Identical)  was  obtained  by  evapora¬ 
tion  of  the  ether  solution,  ilils  product  indicates  that  diazomethane 
Is  a  component  of  the  yellow  ether  solution,  and  hence  it  probably  is 
responsible  for  the  absorption  in  the  Infrared  spectra  (**-72  and  U.79  u) 
of  gaseous  reaction  mixtures. 

i’he  liquid  remaining  in  the  gas  bubbler  tube  was  distilled  under 
vacuum  through  a  •'alciun  chloride  tube  (80'  of  it  so  distilled).  The 
infrared  cppctram  of  this  distillate  was  Identical  with  that  of  authen¬ 
tic  II.  i\  polarographi''  study  of  this  product  confirmed  its  Identity. 

In  boric  a-ld  solution  (0.5  molar),  its  half-wave  potential  was  1.12. 
hnown  II  (b.p.  '  9-T0®f),  prepared  by  the  reaction  of  I  with  formaldehyde, 
gave  the  same  half-wave  potential  in  a  separate  experiment.  The  solu¬ 
tion  containing  known  II,  and  that  of  unkno^m  II,  then  we'  mixed,  and 
the  polarogram  x-taln  gave  a  single  wave  (hw^,  1.12). 

darx  liquid  remaining  from  the  distillation  above  was  extracted 
with  pther.  !'he  resulting  yellow  solution  contained  dlmethylnltrosamine . 
Its  visible  spe-'trura  (Vjqv.  ^  1-^0  in  hexane)  and  behavior  in  v.p.c. 

(I  erkln-.^imer  l•'odel  15^,42-  by  l/^-in.  column  packed  with  26. 5'^'  squalane- 
glyrerin  on  neutral  >22  firebrick.  Isothermal  6l®C,  helium  flow  rate 
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77  ml/mln,  retention  time,  13.55  min)  were  identical  to  those  of  authen¬ 
tic  nitroeamine .  The  nltrosamine  was  similarly  identified  as  a  trace 
product  in  the  yellow  condensates  obtained  in  gas-phase  rate  experiments 
described  below.  Its  yield  was  not  determined,  but  it  was  obviously  low 
since  the  yields  of  other  products  (II  and  dimethyl  amine)  account  for 
nearly  all  of  the  I  used. 

Identification  of  lenaanent  Gaseous  Products.  A  gas  sampling  bulb 
(1  liter)  was  filled  with  I  {100  mm,  Westvaco,  purified  by  distillation 
from  sodium  hydroxide  pellets;  1  peak  with  v.p.c.)  and  oxygen  (6OO  mm). 
This  reaction  mixture  was  allowed  to  stand  for  24  hr  (room  light  and 
temperature).  The  gas  then  was  washed  with  hydrochloric  acid  solution 
(500  ml,  with  water  (500  ml),  with  sodium  hydroxide  solution 

(500  ml,  5^)>  and  again  with  water.  Oxygen  was  absorbed  by  washing  It 
with  Oxsorbent.  The  gas  sample  remaining  was  transferred  under  vacuum 
to  a  gas  sample  bulb,  and  It  was  analyzed  with  a  Consolidated  Engineer¬ 
ing  Mass  Spectrometer  (Model  21-105;  Ionizing  current,  10.5  ua;  magnet 
current.  0.540  amp;  ion  source  temperature,  250®C).  It  contained  nitrogen 
(89.96^;»  methane  (0.51^t),  carbon  dioxide  (0.25^),  argon  (4.29^,  impurity 
In  ©2  used),  and  water  (4.9‘/o). 

In  a  second  experiment,  a  gas  reaction  vessel  (graduated,  65O  ml) 
was  filled  on  a  vacuum  line  with  I  (96  mm)  and  oxygen  (59^  nan)  to  give 
an  initial  total  pressure  of  69O  mm.  This  reaction  mixture  was  allowed 
to  stand  at  room  temperature,  and  successive  pressure  readings  were 
taken  on  a  mercury  manometer  attached  to  the  system.  After  1  hr,  the 
pressure  In  the  vessel  had  Increased  to  702  nm,  and  after  2  hr,  to 
710  mm.  Then,  liquid  condensate  appeared  on  the  walls  of  the  reaction 
vessel,  and  the  pressure  fell,  \fter  19  hr,  the  pressure  was  656  ram. 

Stopcocks  on  the  bulb  were  then  closed,  and  it  was  removed  from  the 
vacuum  line.  Its  gas  contents  were  washed  with  dilute  sulfuric  acid 
solution  (5^)  to  leave  a  gas  volume  of  585  rnl  at  702  mn.  The  gas  then 
was  washed  twice  with  water.  Mass  spectrometric  analysis  showed  that 
it  contained:  oxygen,  96.255;  methane,  0.195;  nitrogen,  5.221;  carbon 
dioxide,  0.}6%;  and  hydrogen,  O.O5  ..  Mrora  the  I  used  (75-7  ^  M.C.), 
nitrogen  (16.I  ml  65^^  yield  according  to  Eq.  l),  methane  (0-95  ^), 
carbon  dioxide  (1.8  ml),  and  hydrogen  (0.15  !til)  vere  obtained. 

A  quartz  infrared  gas  cell  (iSO-mi  capacity)  was  filled  with  I 
(100  mm)  and  oxygen  (605  ram),  with  vacuum  line  apparatus  equipped  with 
a  manometer  and  a  storage  vessel  for  I  and  for  oxygen.  The  gaseous 
reaction  mixture  was  Irradiated  (Hanovla  lamp,  filter  removed)  for  8  hr. 

An  Infrared  spectrum  of  this  reaction  mixture  indicated  that  the  autoxl- 
datlon  of  I  was  complete,  and  the  doublet  absorption  peak  due  to 
present,  "lie  gas  in  the  cell  was  transferred  to  a  gas  buret,  and  was 
washed  with  55'  sulfuric  acid  solution,  water,  55  sodium  hydroxide  solu¬ 
tion,  and  again  with  water,  llass  spectrometric  analysis  indicated  that 
it  contained  oxygen  (96.695)>  nitrogen  (2.855)#  and  nitrous  oxide  (0.465). 
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The  experiment  was  repeated  with  I  (75  mm)  and  oxygen  (65O  ram)  in  the  gas 
infrared  cell.  I4ass  spectrometric  analysis  after  the  same  gas  recovery 
procedure  was;  oxygen  (98. 06/.),  nitrogen  (1.59^),  and  nitrous  oxide 
(0.35^). 

Maxiimim  Diazomethane  Yield.  In  most  of  the  reactions  followed  with 
infrared  procedures  the  doublet  (U.72  and  ii.7Q  ^i)  due  to  diazoraethane 
increased  for  about  15  to  20  hr  and  then  decreased  (see  Fig.  1-5)*  Since 
the  maximum  height  of  this  peak  frequently  approached  50,'  transmission, 
diazomethane  Initially  was  considered  to  be  a  major  primary  product. 
Determinations  of  the  diazoraethane  infrared  spectrum  at  various  pressures 
(Fig.  4)  showed  that  its  maxiaium  amount  (5*6  ram  from  90-100  ram  of  l)  is 
low. 


Diazomethane  was  prepared  by  the  reaction  of  Diazald  (N-raethyl-N- 
nitroso-p-toluenesulfonamlde,  5  g)  in  anisole  (17  ml)  with  a  solution 
containing  potassium  hydroxide  (25  g)j  water  (50  ml),  and  2-ethoxyethanol 
(120  ml).  This  reaction  mixture  was  stirred  vigorously  with  a  magnetic 
stirrer,  and  nitrogen  was  bubbled  through  it.  Diazomethane  was  swept 
with  the  nitrogen  through  a  spiral  condenser  at  -10°C,  a  U-tube  packed 
with  KCH  pellets,  and  a  -80°C  trap.  It  was  condensed  in  a  trap  cooled 
with  liquid  nitrogen. 

The  trap  containing  the  solid  diazomethane  (at  -196°c)  was  trans¬ 
ferred  to  the  vacuum  line  and  was  subjected  to  three  freeze-pump-melt 
sequences.  The  diazomethane  was  then  allowed  to  warn,  and  its  vapor  was 
conducted  to  an  infrared  vapor  cell.  Nitrogen  was  then  added.  Initial 
pressures  in  the  cell  were  diazoraethane  (102  mm)  and  nitrogen  (595  mm). 
Infrared  spectrophotcmeter  scans  were  taken  at  various  pressures,  'ihe 
absorption  of  the  diazomethane  doublet  was  total  when  its  pressure  was 
above  20  ram.  The  pressure-transmittance  data  are  shown  in  Fig.  U. 

Reaction  of  l.l-Dlmethylhydrazine  With  Oxygen  in  the  1  resence  of 
Butadiene-1,3.  A  gas  infrared  cell  of  the  usual  type  was  filled  with 
butadiene-1,5  (51  mm),  1,1-diinethylhydrazlne  (45  nia),  and  oxygen 
(559  ram).  This  filling  of  the  cell  was  interrupted  to  take  an  infrared 
spectrum  of  butadiene  at  the  pressure  given.  Infrared  spectra  of  the 
reaction  mixture  were  then  taken  at  various  intervals.  Little  change 
was  apparent  after  19  hr;  but  after  9^  hr  the  diazoraethane  doublet  at 
4.72  and  4.78  was  apparent,  and  other  features  of  the  spectrum  sug¬ 
gested  that  the  autoxidation  of  the  hydrazine  had  reached  its  half-life. 
However,  no  visible  change  had  occurred  in  that  portion  of  the  spectrum 
due  to  butadiene -1,3.  Apparently,  tne  butadiene  is  not  consumed,  but  it 
may  decrease  the  rate  of  reaction  by  its  chain-breaking  action. 

Rate  Studies.  In  each  of  the  first  three  experiments  (data.  Tig.  8;, 
a  5-liter,  spherical  Pyrex  reaction  vessel  with  a  single  tube  fused  to 
it,  equipped  through  a  vacuum  stopcock  (silicone  lubricant)  with  a 
standard-taper,  ground-glass  joint,  was  washed  carefully  (concentrated 
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nitric  acid,  three  times;  water,  three  tines;  6K-anBionlum  hydroxide, 
three  times;  and  distilled  water,  ten  times).  It  then  was  attached  to 
the  vacuum  line  (piuaps,  cold  traps,  manifold  with  storage  vessel  for  I, 
and  attached  to  oxygen  supply  and  nanometers),  and  was  flamed  under 
vacuum.  I  (purified  as  previously  described,  one  peak  with  v.p.c.)  was 
added  (experiment  1,  rnm;  experiment  2,  63  mm;  and  experiment  3> 

78  nan),  and  then  oxygen  was  introduced  vexperiment  1,  625  mm;  experi¬ 
ment  2,  2U7  mm;  and  experiment  3>  287  mm).  With  the  latter  two  experi¬ 
ments,  nitrogen  was  also  added  (experiment  2,  590  mra;  and  experiment  3> 
531  nan).  Each  reaction  mixture  was  held  at  25®C  in  a  thermostatted  room 
In  room  light. 

Periodic  analyses  of  the  reaction  mixture  (Perkln-Elmer,  Model  15^, 
Vapor  Fractometer  with  thenaistor  detector,  a  Leeds  and  Northrup  6-niv 
span,  1-sec  response  recorder--chart  speed,  12.7  mm  per  itin;  Isothermal, 
61  ®C;  109-cm  column  packed  with  ?&.%  of  a  mixture  of  squalane  (8i*.7^)» 
and  glycerol  (l5-3i^)  on  C-2?,  20-60  mesh  neutral  firebrick;  helium  flow 
rate,  77  ml/min;  and  retention  times:  I,  9-6  min  and  II,  U.l  min)  were 
made  with  v.p.c.  Calibration  experiments  shoved  that  the  pressures  (ram) 
of  I  and  II  were  proportional  to  peak  heights  (with  I,  peak  height  in 
recorder  xanlts  x  attenuation  setting  x  O.169  -  ram  of  I;  and  with  II, 
peak  height  x  attenuation  x  0.I3O  =  mm  of  II). 

Samples  for  this  analysis  were  taken  with  a  Pyrex  U-tube  gas  buret 
(volume  betwen  vacuum  stopcocks,  ^*.31  nil)  equipped  with  a  standard- 
taper,  ground-glass  Joint  which  fitted  the  reiction  vessel.  ..’ith  the 
BOB^Jllng  device  so  attached  to  the  reaction  vessel,  and,  with  its  two 
stopcocks  open,  the  volume  up  to  the  reaction  vessel  stopcock  was  evac¬ 
uated  to  0.01  mm  (Hyvac  oil  pump)  for  13  min.  Then  the  outer  stopcock 
of  the  buret  was  closed,  and  that  of  the  reaction  vessel  was  opened 
(1  min  allowed  for  gas  flow  into  sampling  buret).  Then,  the  stopcocks 
of  the  reaction  vessel  and  the  buret  were  closed,  the  buret  was  quickly 
transferred  to  an  attachment  to  the  inlet  of  the  chromatoc^raph,  and  a 
by-pass  valve  and  the  stopcocks  of  the  buret  were  opened  vo  sweep  the 
sample  into  the  fractometer  with  the  helium  stream.  The  time  required 
for  the  last  operation  was  held  to  3  rain.  Ihis  regime  was  followed 
strictly  to  obtain  reproducible  results  since  changes  in  procedure  gave 
errors  due  to  the  solubility  of  I  and  II  in  the  silicone  grease  on  the 
stopcocks . 

In  preliminary  work,  it  was  found  that  a  stainless-steel  gas  buret 
could  not  be  used.  The  metal  surface  so  catalyzed  the  reaction  that  It 
was  virtually  complete  when  a  mixture  of  I  and  oxygen  in  the  device  was 
allowed  to  stand  for  50  min. 

With  experiment  4,  the  reaction  vessel  above  was  equipped  with 
another  tube  closed  by  a  rubber  syringe  cap  held  by  a  metal  clamp.  Its 
preliminary  treatment  was  the  same  as  before;  and,  with  the  previous 
procedure,  it  was  filled  with  I  (59-5  mm),  oxygen  (204.3  mra),  helium 
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(U28  mm),  and  benzene  (75  ram).  It  was  immersed  in  a  dark  oil  bath  held 
at  and  light  from  a  100-w  Ilazda  lamp  (152.^  turn  from  flask)  illumi¬ 

nated  part  of  the  reaction  mixture  through  the  neck  of  the  reaction 
vessel. 

amples  (4.0  ril)  for  analysis  of  the  reaction  mixture  were  taken  with 
a  ;lanilton  gas  syringe  with  a  sealed-on  needle  through  the  syringe  cap. 
They  were  injected  inmediately  into  the  sample  port  of  the  above  chroma¬ 
tograph.  ilie  quantitative  analysis  (185-cra  column  packed  with 
Apiezon  L  on  Fluoropak  8O;  isothermal,  50®C;  helium  flow  rate,  4l  ml/min; 
and  retention  times:  I,  5.60  rain;  and  II,  12.0  rain)  involved  integration 
of  peak  areas  (i  erkin-  :iraer,  Kodcl  194,  Printing  Integrator).  Since  flow 
of  air,  or  reaction  mixture,  through  the  syringe  needle  occurred,  sample 
size  varied,  .'ence,  benzene  was  used  as  a  nonreactive  internal  standard. 
The  data  plotted  (tig.  lO)  are  in  arbitrary  units,  and  quantities 
involved  are  fractions  that  are  ratios  (area  of  I  peak/area  of  benzene 
peak;  and  area  of  II  peak/area  of  benzene  peak). 

Peaks  due  to  minor  products  (dimethylamine-retention  time,  2.9  min) 
and  water  (retention  ti-TC,  1.8  min)  increased  in  area  at  rates  propor¬ 
tional  to  the  rate  of  formation  of  II  during  the  reaction  period  prior 
to  the  appearance  of  condensate  upon  the  vessel  walls. 

One  observation  illustrates  the  sensitivity  of  this  reaction  to 
accidental  impurities.  \n  experiment,  prepared  and  carried  out  seemingly 
the  same  as  the  above,  gave  no  reaction  in  6OO  hr.  apparently,  either  a 
trace  inhibitor  was  present,  or  necessary  catalytic  metal  salts  were 
essentially  absent. 

Autoxidation  of  Other  Methyl  xlydrazines.  he  reactions  of  all  the 
other  methylhydrazines  were  studied  with  the  infrared  method  described 
above.  In  several  experiments,  various  mixtures  of  rnethylhydrazine 
(24-80  mm)  and  oxygen  (IOO-58O  mm)  were  admitted  to  tne  infrared  vapor 
cell.  In  all  cases,  rapid  reaction  with  condensation  of  liquid  products 
on  the  cell  walls  occTorred.  Damage  to  the  sodiam  chloride  windows  made 
it  impossible  to  determine  the  infrared  spcctrurr.  of  the  product  mixture. 
Accordingly,  oxygen  was  bubbled  for  15  days  through  netnylnydrazine  in 
the  apparatus  described  for  the  large-scale  autoxidations  of  I.  Only  a 
small  amount  of  volatile  reaction  products  condensed  in  the  -80°C  trap. 

The  infrared  spectrum  of  this  mixture  of  volatile  products,  with  its 
analysis  (raethylazide,  ammonia,  and  methylamine)  is  shown  in  Mg.  12. 

A  rough  estimate  of  relative  amounts  in  this  infrared  gas  sample  ir : 
methyl  azide,  5  ram;  ammonia,  45  mm;  and  methylamine,  4o  cm.  Ihese 
amounts  probably  result  from  the  relative  volatilities:  methyl  azide, 
b.p.  20°C,  ammonia,  b.p.  -35®C,  and  methylamine,  b.p.  .he  vapor 

infrared  cell  was  filled  by  freezing  the  condensate,  the  trap  and  the 
attached  infrared  cell  were  evacuated,  and  then  the  condensate  was 
allowed  to  warm  until  the  pressure  in  the  system  was  90  ram.  Kitrogen 
was  then  added  until  a  pressure  of  *^5  nm  was  attained. 
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ITie  products  above  are  minor  ones  (little  condensate  was  obtained). 
The  Liquid  remaining  in  the  reaction  vessel  was  nearly  the  sajne  in  volume 
as  that  of  the  methylhydrazine  initially  added.  The  initial  rapid  reac¬ 
tion  seems  to  produce  an  inhibitor  since  even  after  the  1^  days  of  treat¬ 
ment  with  oxygen,  much  methylhydrazine  remained  in  the  reaction  mixture 
(KIO^  test  positive;  oxalate  of  methylhydrazine,  m.p.  l67-l68^C,  obtained 
from  it).  Ifter  oxygen  had  been  bubbled  through  for  another  7  days 
(total  22  days),  the  liquid  in  the  reaction  vessel  was  dried  over  sodium 
hydroxide  pellets,  and  was  then  distilled.  The  infrared  spect.rum  of  the 
distillate  was  identical  with  that  of  methylhydrazine  except  for  minor 
superimposed  peaks  due  to  ammonia. 

The  autoxidation  of  1,2-dimethylhydrazlne,  however,  was  rapid  and 
complete,  /ui  infrared  cell  was  filled  with  this  hydrazine  {k6  mm)  and 
oxygen  (668  mm),  and  the  Infrared  spectrum  taken  after  15  min  showed  that 
much  reaction  had  occurred.  After  1  hr  of  reaction  time,  the  infrared 
spectrum  was  that  of  a  mixture  of  azoraethane  and  water  (see  Fig.  10). 

With  trimethylhydrazine,  the  autoxidation  rate  seemed  to  be  inter¬ 
mediate  between  that  of  1,2-diraethylhydrazine  (very  rapid)  and  that  of  I. 
In  an  exp-erlment  with  trimethylhydrazine  (^0  mm)  and  oxygen  (685  mm)  in 
the  infrared  cell,  the  reaction  half-ilfe  (estimated  from  growth  of  peak 
at  6.29  u  due  to  II )  was  approximately  I8  hr;  and  reaction  was  complete 
after  90  br  to  give  only  II  and  water,  fith  trimethylhydrazine  (50  ram) 
and  oxygen  (65^  mm),  a  half-life  of  ^  hr  was  observed  (see  Fig.  li). 

I'etraraethylhydrazine  does  not  undergo  autoxidation  under  these  con¬ 
ditions.  The  Infrared  spectrum  of  a  mixture  of  this  hydrazine  (70  rm) 
and  oxygen  (o55  mm)  was  unchanged  after  -70  hr  at  25°C  (see  Fig.  I5). 

leactions  of  1 , l-Diraethylhydra  ine  (l)  and  rormoldehyde  Dimethyl- 
hyirazone  (II)  With  Hydrogen  Feroxide.  '.'hen  an  aqueous  solution  of  II 
is  treated  with  hydrogen  peroxide  (5O/S  in  water),  a  vigorous  exothermic 
reaction  occurs  with  evolution  of  gas.  This  reaction  and  its  water- 
soluble  products  were  studied  with  n.m.r.  spectrometry.  A  solution  of 
II  in  deuterium  oxide  (^11  n.m.r.  with  DDG:  IJ-CHj  peak  at  2.7'‘6;  and 
methylene  AB  quadruplet  at  o.UOb,  J  9«5  cps,  area  ratio,  5:1)  was 
treated  with  hydrogen  peroxide  (50, 'j.  Baker  and  Adamson).  .‘Lfter  5O  min, 
the  n.m.r.  spectrum  of  the  reaction  mixture  showed  that  II  had  been  con¬ 
sumed  (abo.e  methylene  quadruplet  had  vanished).  small  peak  due  to 
formate  (8.2^*b),  and  many  other  peaks  in  the  2. 6-5-056  region 
(l.-methyls ) ,  had  appeared. 

Tentative  n.m.r.  ariilysis  of  this  reaction  mixture  (addition  of 
authentic  sauries  of  probable  products,  and  observed  peak  enhancement) 
showed  that  a  small  amount  of  unreacted  II  (2.756)  remained  and  aethyL- 
amlne  (l.blb),  dlraethylaraine  (2.886),  I  (5*056),  formate  (8.2^6),  and 
other  products  not  so  identified  are  formed,  /jnnionium  hydroxide  is  not 
visible  (exchanger,  rapidly- -part  of  DC^  peak)  in  these  experiments. 
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Carbonates  were  fomed  since  carbon  dioxide  vas  evolved  when  the 

reaction  mixture  was  made  acidic.  The  complexity  of  the  reaction  products 
is  probably  due  to  the  formation  of  various  products  of  reaction  of  the 
amines  and  hydrazine  with  carbon  dioxide,  fomic  acid,  and  fonnaldehyde 
(probably  also  present).  In  iccordance  with  this  interpretation,  n.m.r. 
peaKs  for  the  methylamines  are  at  the  higher  b  values  of  their  salts. 

To  identify  basic  products,  II  (b.?9  g»  0.08?  mole)  in  water  (25  ml, 
apparatus  swept  with  Tip)  was  treated  with  aqueous  hydrogen  peroxide  solu¬ 
tion  (50",  P0.h2  g,  0.18  mole).  The  reaction  mixture  became  yellow 
(Nnax.  with  a  shoulder  at  28O  mu  indicates  dimethylnitrosaralne  and 

tetramethyltetrazcne ) ,  and  gas  was  evolved  (15O  ml),  liass  spectronetric 
analysis  indicated:  nitrogen  (sweep  gas,  9^'7-’)>  carbon  dioxide  (2.5/«), 
hydrogen  (2.4^),  methane  (O.56,''),  and  oxygen  (0.22").  .'odium  hydroxide 
solution  (5!^^,  250  ml)  was  added  to  the  reaction  mixture,  and  it  was  dis¬ 
tilled.  The  basic  distillate  (200  ml)  was  treated  with  stirring  with 
phenyllrothiocyanate  until  the  odor  of  the  latter  persisted.  A  solid 
mixture  of  phenylthioureas  (7-6  g)  precipitated.  It  was  removed  on  a 
filter,  and  dried  overnight  in  a  desiccator,  ‘analysis  by  n.m.r.  showed 
that  it  contained  phenyithiourea  (46  mole  >1.  n.m.r.  in  DCCl^  with 
'TIC:  phenyl  multlplet  at  7*50b)»  i,l-dlmethyl-5-phenyl-2-thiourea 
(56  mole  n.m.r.:  6/i  methyl  singlet  at  5-20b,  and  5H  phenyl 

singlet  at  7-205),  1-methyi- ^-phenyl-2-thlourea  (15  mole  n.m.r.: 

3H  methyl  doublet  at  ';.07&,  J  5  cps,  and  5H  phenyl  multiple!  at  7-?5&)» 
and  l,l-dimethyl-4-phenyl-5-thlosemicarbazide  (5  mole  lo.  n.m.r.: 

6h  methyl  singlet  at  2.58b;  and  5H  phenyl  multlplet  at  7-255).  These 
n.m.r.  spectra  were  identical  with  those  of  the  known  substances.  A 
small  amount  of  phenyithiourea  (m.p.  152-15^^2;  mixture  m.p.  153*154®C) 
did  not  dissolve  in  the  deuterochloroforra. 

lAirther  qualitative  n.m.r.  studies  showed  that  no  reaction  occurred 
in  100  hr  with  a  solution  of  1 , 1-dimethylhydrazinium  oxalate  and  hydrogen 
peroxide  in  deuterium  oxide  (n.m.r.  spectrum  unchanged).  'This  lack  of 
reaction  in  neutral  solution  is  striking  since  I  reacts  vigorously  with 
hydrogen  peroxide  in  water.  A  study  of  this  latter  reaction  mixture 
showed  that  it  contained  dlmethylnitrosamine  (55  mole  '‘c.  n.m.r.  with 
EDC:  equal  singlet.c  at  ".17  and  5.815).  leaks  enhanced  upon  addition  of 
authentic  dimethylni*  rosanine.  Yellow  color  of  solution,  kjjjax.  525  mu. 
CoLutlon  of  dimethylnitrosamine  in  H^C  containing  I,  >v^,  528  mu,  and 
II  (59  mole  n.m.r.:  methyl  singlet  at  2.75b,  methylene  quadruplet 

at  6.425).  Trace  peaks  not  Identified  were  also  present.  ..'ith  more 
hydrogen  peroxide,  the  11  is  -'on-tamed. 

Hydrogen  peroxide  ("0  in  HpO)  was  added  slowly  to  a  solution  con¬ 
taining  equimolar  amounts  ol'  1  and  II  in  deuterium  oxide.  'Ihe  n.m.r. 
spectra  tahen  at  Gu:-cesslve  times  during  the  addition  showed  that  I  was 
oxidized  first  (peaks  due  to  II  and  dimethylnitrosamine  increased  but 
that  due  to  I  decreased),  /appreciable  oxidation  of  II  occurred  only 
when  the  I  was  ''omplot^ly  consumed.  The  oxidation  of  II  then  ceased 
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(pH  of  reaction  nilxture,  8)  even  when  excess  hydrogen 
./hen  this  reaction  mixture  was  made  more  basic  by  the 
dimethylamine ,  vigorous  oxidation  occurred  and  II  was 


peroxide  was  added, 
addition  of 
consumed . 
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